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FOREWORD 


This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by the Fire Safety 
Sectional Committee had been approved by the Civil Engineering Division Council. 


Buildings having non-structural joints between floor slabs and external perimeter walls, pose an associated risk 
of smoke and fire traversing between adjacent floors is not uncommon. The use of suitable materials to seal such 
joints needs careful consideration towards fire safety as the same is part of the compartment/fire barrier. 


Building codes requires that all gaps between floor-slabs and fagade assembly shall be sealed at all levels by 
fire-resistant sealant material of equal fire rating as that of floor slab to prevent fire and smoke propagation from 
one floor to another. This standard covers the method of fire resistance tests to assess the performance of such 
perimeter firestop assembly. 


The method of fire resistance test of various structures of buildings is covered in ISAISO 834-1 : 1999 ‘Fire 
resistance tests elements of building construction: Part 1 General requirements’. 


In the formulation of this standard significant assistance was derived from the following standards: 


ASTM E2307 Standard Test Method for Determining Fire Resistance of Perimeter Fire Barriers Using 
Intermediate-Scale, Multi-storey Test Apparatus 


UL 2079 Fire Resistance of Building Joint Systems 


An informatory Annex A on engineering judgement (EJ) towards assessing the performance of perimeter fire 
barrier joint system has been included for enabling users to prepare and issue engineering judgments (EJ’s) based 
on sound engineering principles. The guidelines provided in Annex A aims to instil common practice of issuing 
and accepting the engineering judgements related to perimeter fire barrier joint system. In preparation of these 
guidelines, significant assistance was derived from ‘International Firestop Council Guidelines’ for engineering 
judgements of perimeter fire barrier systems. 


The composition of the committee responsible for formulation of the standard is listed in Annex B. 


For the purpose of deciding whether a particular requirement of this standard is complied with, the final value, 
observed or calculated, expressing the result of a test, shall be rounded off in accordance with IS 2 : 2022 'Rules 
for rounding off numerical values (second revision)’. The number of significant places retained in the rounded off 
value should be the same as that of specified value in this standard. 
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Indian Standard 


FIRE RESISTANCE OF PERIMETER FIRE BARRIER JOINT 
SYSTEM — METHOD OF TESTS 


1 SCOPE 


1.1 This standard specifies the test method to 
determine the fire resistance performance of 
perimeter fire barrier joint system based on the 
length of time the system being tested to resist the 
fire before development of through openings or 
flaming and transmission of heat on the unexposed 
surface. 


1.2 During the life cycle of the perimeter fire barrier 
joint system, it undergoes through various 
unintended movements, such as thermal, wind, 
seismic or a combination of these. This standard 
addresses such movements before subjecting the 
system to the fire resistance test. 


1.3 The fire exposure conditions used are those 
specified by this test method for the first 30 min of 
exposure and then conform to the conditions 
specified in IS/ISO 834-1 time-temperature curve 
for the remainder of the test in the test room. 


2 REFERENCES 


The following standards contain provisions which 
through reference in this text, constitute provisions 
of this standard. At the time of publication, the 
editions indicated were valid. All standards are 
subject to revision, and parties to agreements based 
on this standard are encouraged to investigate the 
possibility of applying the most recent editions of 
the standards listed below: 


IS No. Title 


IS 8757 : 2021 Glossary of terms 
associated with fire safety 


(second revision) 


ISSO 834-1 : Fire resistance tests 


1999 elements of building 
construction: Part 1 General 
requirements 

3 TERMINOLOGY 


For the purpose of this standard, the definitions 
given in IS 8757 and the following shall apply. 


3.1 Air Leakage Test/L-Rating Test — Test to 
determine the rate of air leakage through joint 
systems resulting from a specified air pressure 
difference applied across the surface of the joint 
systems. 


3.2 Curtain Wall Assembly — A fire rated or 
non-fire rated, non-load bearing exterior wall 
assembly secured to the structural members of the 
building. 


3.3 Exterior Wall Assembly — A fire rated and 
non-fire rated, curtain wall or a load bearing exterior 
wall. 


3.4 Floor Assembly — A fire rated load bearing 
horizontal separating element. 


3.5 Integrity — The ability of a perimeter fire 
barrier to prevent the passage of flame and hot gases 
through it and the occurrence of flames on its 
unexposed sides ascertained by use of a cotton pad. 


3.6 Maximum Joint Width — The maximum 
opening of the perimeter joint as defined by the test 
sponsor. 


3.7 Minimum Joint Width — The minimum 
opening of the perimeter joint as defined by the test 
sponsor. 


3.8 Movement Cycle — The difference between the 
minimum and the maximum joint widths. 


3.9 Nominal Joint Width — The specified opening 
of the perimeter joint as defined by the parties 
involved in testing that is selected for the purpose of 
testing. 


3.10 Observation Room — The upper-storey room 
of the intermediate scale, multistorey test apparatus 
(ISMA). 


3.11 Perimeter Fire Barrier — The perimeter joint 
protection that provides resistance to prevent the 
passage of fire and/or from floor to floor within the 
building at the opening between the exterior wall 
assembly and the floor assembly. 


3.12 Perimeter Joint — The linear void located 
between exterior wall assembly and floor assembly 
to accommodate various movements induced by 
thermal differentials, seismicity, wind loads, and 
misalignments of the floor and wall during 
construction. 


3.13 Perimeter Joint Protection — A joint system 
located between the exterior wall assembly and the 
floor assembly that fills the perimeter joint intended 
to prevent the passage of fire and/or smoke. 


3.14 Separating Element — A floor assembly or 
exterior wall assembly. 
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3.15 Splice — The connection or junction within the 
length of a perimeter joint protection. 


3.16 Supporting Construction — The arrangement 
of separating elements forming the intersection into 
which the perimeter joint protection is installed. 


3.17 Test Assembly — The complete assembly of 
the test specimen together with the test apparatus. 


3.18 Test Room — The ground floor room of the 
intermediate scale, multistorey test apparatus 
(ISMA). 


3.19 Test Specimen — The specific test 
construction of the perimeter fire barrier. 


3.20 Void — A gap formed in the floor assembly to 
accommodate the perimeter joint protection. 


4 SUMMARY OF TEST METHOD 


4.1 This test method describes the following test 
sequence and procedure: 


a) When the maximum joint width is different 
than the minimum joint width, the perimeter 
fire barrier is to be movement cycled before 
being fire tested. 


b) A perimeter joint protection and its 
supporting construction are conditioned, 
and fire tested. 


c) During the fire test, the integrity of the 
perimeter joint protection and its supporting 
construction is determined by use of cotton 
pad. 


5 SIGNIFICANCE AND USE OF THE TEST 
METHOD 


5.1 This test method provides for the following 
measurements and evaluations: 


a) Movement capability of the perimeter fire 
barrier. 


b) Ability of the perimeter fire barrier to resist 
the passage of flames and hot gases. 


c) Transmission of heat through the perimeter 
fire barrier. 


d) Ability of the perimeter fire barrier to resist 
air. 


e) Load bearing capacity of the perimeter joint 
protection, optional. 


5.2 This test method does not provide the following: 


a) Measurement of flame spread over the 
surface of the perimeter fire barrier. 


b) Durability of the test specimen under actual 
service conditions including the effects of 
cycled temperature. 


c) Rotational, vertical, and horizontal shear 
capabilities of the test specimen. 


d) Any other attributes of the test specimen, 
such as wear resistance, chemical resistance, 
air infiltration, watertightness, and so forth. 


e) A measurement of the capability of the test 
specimen to resist: 


1) Flame propagation over the exterior 
faces of the test specimen, 


2) Spread of flame within the combustible 
core component of the exterior wall 
assembly from one storey to the next, 


3) Spread of flame over the interior 
surface (room side) of the test specimen 
from one storey to the next, and 


4) Lateral spread of flame from the 
compartment of fire origin to adjacent 
spaces. 


NOTE — The exterior wall assembly, floor assembly, 
and perimeter joint protection are individual 
components. The capabilities of individual 
components are not part of this specific test method’s 
conditions of compliance. 


5.3 In this test method, the test specimens are 
subjected to one or more specific test conditions. 
When different test conditions are substituted, or the 
end-use conditions are changed, it is not always 
possible by, or from, this test method to predict 
changes to the characteristic measured. 


6 APPARATUS 


6.1 The test apparatus described in 6.2 shall be 
located inside a test facility. The facility shall have 
provisions for supplying fresh combustion make-up 
air during the test. The facility shall be constructed 
to allow for the exhaust of the combustion by- 
products during the test, while not inducing airflow 
on the exterior face of the test specimen. The test 
facility shall protect the test apparatus and test 
specimen from weather conditions such as wind and 
rain. 


6.2 Test Apparatus 


6.2.1 The intermediate scale, multistorey test 
apparatus consists of a two-storey test structure 
consisting of a test room and observation room 
(see Fig. 1). Each room in the test apparatus is 
square having inside length and width dimensions of 
3 000 mm + 10 mm and a height (unfinished and 
unprotected by any fire resistive materials) of 
2 130 mm + 15 mm. 
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PLAN VIEW OF WINDOW BURNER 


Key 

1 Window burner (see 6.3.3) 

2 Slot in burner [see 6.3.3(a)] 

3 Gas supply line [see 6.3.3(b)] 

4 Perimeter joint protection (see 3.13) 

5 Window (see 7.3.9) 

6 Test room in test apparatus (see 3.18) 

7 Observation room in test apparatus (see 3.10) 
8 Horizontal centreline of burner [see 6.3.3(d)] 
9 Vertical centreline of burner [see 6.3.3(d)] 


10 Window burner location during test [see 6.3.3(d)] 


Min. 50 
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SIDE ELEVATION VIEW OF WINDOW BURNER LOCATION AND ISMA 


11 Exterior wall assembly or calibration wall (see 7.3 and 9.2) 


12 Test apparatus (ISMA) (see 6.2) 

13 Floor assembly (see 7.4) 

14 Floor of observation room (see 6.2.4.2) 
15 Roof slab (see 6.2.2) 

16 Floor of test room (see 6.2.2) 

17 Windowsill height [see 7.3.9(b)] 


All dimensions in mm 


FIG. 1 PLAN VIEW OF WINDOW BURNER AND SIDE ELEVATION VIEW OF WINDOW BURNER LOCATION 


6.2.2 The floors and roof of the test apparatus shall 
be supported by columns and beams of a size that 
will support the load of the floor and roof. These 
supports shall be located outside of both the test 
room and the observation room. The floor of the 
observation room shall be 200 mm + 15 mm thick. 


6.2.3 The three permanent non-bearing walls that 
form each room of the test apparatus shall support 
the insulation defined in 6.2.4.1 during the entire 
fire-resistance test. 


NOTE — Concrete block, 200 mm + 15 mm thick, is 
acceptable. 


6.2.4 Insulation is not required in the observation 
room; but the interior surfaces of the test room shall 
be insulated. 


6.2.4.1 Insulate the interior face of the walls forming 
the test room with one layer of nominal 16 mm thick, 
fire-resistant gypsum wallboard and one layer of 
nominal 38 mm thick ceramic fibre insulation, 
having a minimum density of 128 kg/m*, on the 
interior face. The maximum insulation thickness 
permitted on each face is 64 mm. Insulate the 
underside of the floor of the observation room in the 
same manner, except the portion that is designated 
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as the ‘floor assembly’, which is adjacent to the 
perimeter joint protection, shall not be insulated 
(see Fig. 1 and 7.4). 


6.2.4.2 Insulate the floor of the test room with two 
layers of nominal 16 mm thick, fire-resistant 
gypsum wallboard. 


6.2.5 Each room shall have one access opening with 
a width and height of nominal 1 m x 2 m. The access 
opening of the test room shall be capable of being 
closed during tests while the access opening of the 
observation room shall remain open during tests. 
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1 Gas supply line [see 6.3.3(b)] 

2 Concrete slabs (first floor of test room) (see 6.2.2) 
3 Wall (see 6.2.3) 

4 Test room burner (see 6.3.2) 

5 Area of burner with holes (see 6.3.2.2) 

6 Column (typical) (see 6.2.2) 


6.2.5.1 Additional access openings are allowed in 
the observation room for instrumentation and video; 
and it shall be closed during the test. 


6.3 Burners 


6.3.1 The test apparatus in 6.2 shall be equipped 
with two gas-fired burners. 


6.3.2 Test Room Burner 


Position the test room burner inside the test room. 
Construct the test room burner as follows, 
see Fig. 2. 


2000 


All dimensions in mm 
FIG. 2 PLAN VIEW OF TEST ROOM BURNER POSITIONED IN TEST ROOM 


6.3.2.1 Use a nominal 50 mm outer diameter steel 
pipe. The test room burner shall be rectangular 
shaped with its longitudinal axis at least 2 000 mm 
long and its transverse axis at least 1 500 mm wide. 
Extend 1 830 mm + 25 mm of the test room burner 
into the test room. 


6.3.2.2 Drill upward facing nominal diameter 
3.2 mm holes in the pipe. Locate the holes in the 
front ‘U’ shaped portion of the test room burner. 
Start holes at a nominal location of 1 070 mm from 
the back wall on both sides of the gas supply pipes 
and continue across the front gas supply pipe. Place 
the holes nominally 25 mm on centre. 


NOTE — The holes drilled are nominal because they are 
made using a conventional 3.2 mm drill bit, therefore, 
their size is dependent upon the tolerances of the drill bit. 


6.3.2.3 Support the test room burner so that it is 
level, and its horizontal centreline is 
765 mm + 25 mm above the floor of the test room. 


6.3.2.4 Using Fig. 2 for reference, centre the test 
room burner in the test room. 


6.3.2.5 Equip the test room burner with a gas supply 
line that is located outside the test apparatus. Wrap 
the entire gas supply pipe system with a single layer 
of nominal 25 mm thick ceramic fibre blanket, with 
a minimum density of 128 kg/m’. 


6.3.3 Window Burner 


Construct the window burner (see Fig. 1) as follows: 


a) 


b) 


c) 


d) 


The window burner shall be rectangular 
shaped having 1 500 mm + 13 mm long 
piece of nominal 50 mm outer diameter 
pipe for the front of the burner. Cut an 
upward facing slot having a width and 
length measuring 13 mm + 1.5 mm and 
1 120 mm + 15 mm, respectively, in the 
top of the pipe. 


Provide the window burner with gas at both 
ends using nominal 25 mm outer diameter 
pipe and a ‘T’ junction at the back of the 
window burner to provide uniform gas 
pressure at the burner slot. 


Wrap the window burner, including the 
slot, and the entire gas supply pipe system 
with a layer of nominal 25 mm thick 
ceramic fibre insulation, with a minimum 
density of 128 kg/m’. 


Position the window burner so that the slot 
is facing up and parallel with the exterior 
wall assembly. Align the horizontal centre 
of the window burner slot with the 
window’s horizontal centreline 
(see Fig. 1). Locate the horizontal 
centreline of the window burner 
230 mm + 15 mm below the window 
header’s surface on the exterior of the test 
room. Place the window burner’s vertical 
centreline a maximum of 150 mm from the 
exterior face of the exterior wall assembly. 
The window burner’s exact distance from 
the wall’s exterior face of the exterior wall 
assembly shall be determined during the 
calibration procedure, as specified in 9.6. 
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6.4 Cycling Apparatus 


Equipment (or device) shall be used that is capable 
of inducing movement of a perimeter fire barrier as 
specified in Table 1. 


Table 1 Conditions of Test Specimen Cycling 
[Clauses 6.4, 11.3 and 17.3(d)] 


Sl] Movement Minimum Minimum 


No. Type Cycling Number of 
Rates Movement 
cpm Cycles 

(1) (2) (3) (4) 

i) Thermal 1 500 

ii) suey 10 500 

iil) Seismic 30 100 

iv) Combined 30 100 

Followed by: 

vi) 10 400 


NOTE — The terms used for movement are indicative of 
the cyclic rate in expansion and contraction of the 
perimeter joint and not of the magnitude or direction of 
movement. 


6.5 Test Room and Exterior Wall Assembly 
Thermocouples 


6.5.1 All thermocouples shall be of bare wire type. 


6.5.2 The twelve test room thermocouples used to 
measure the temperatures in the test room, reference 
the thermocouples in 8.1, 8.2, and 8.3 shall be 
1.2 mm type K (see Fig. 3 and Fig. 4). 


6.5.3 The 14 exterior wall assembly thermocouples 
used to measure the temperatures on the exterior 
face of the exterior wall assembly shall be 0.9 mm 
type K (see Fig. 5). 
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1 Test room thermocouple locations (typical) (see 8.1) 
2 Floor of test room (see 6.2.2) 

3 Wall (see 6.2.3) 

4 Column (typical) (see 6.2.2) 


FIG. 3 EXPOSED THERMOCOUPLE LAYOUT ON UNDERSIDE OF OBSERVATION ROOM FLOOR IN TEST ROOM 
(see 8.1) 


ked o 


SECTION VIEW AA 


SECTION VIEW OF TEST SPECIMEN 


Key 


1 Exterior wall assembly (see 7.3) 

2 Perimeter joint protection (see 7.2) 

3 Floor assembly (see 7.4) 

4 Thermocouple location (typical) (see 8.2) 
5 Centreline of test specimen (see 8.2.2) 


All dimensions in mm 
FIG. 4 EXPOSED THERMOCOUPLE LAYOUT IN TEST ROOM (see 8.2) 


1372 +6 


Key 


1 Roof slab (see 6.2.2) 

2 Column (see 6.2.2) 

3 Floor of observation room (see 6.2.2) 

4 Floor of test room (see 6.2.2) 

5 Window opening (see 9.2.2) 

6 Visual face of calibration wall (see 9.2) 

7 Vertical centreline of test wall (see 9.4.1) 
8 Thermocouple # 1 location [see 9.4.1(a)] 
9 Thermocouple # 2 location [see 9.4.1(b)] 
10 Thermocouple # 14 location [see 9.4.1(d)] 
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All dimensions in mm 
FIG. 5 THERMOCOUPLE LAYOUT ON VISUAL EXTERIOR FACE OF CALIBRATION WALL (see 9.4) 


6.6 Copper Disc Thermocouples 


6.6.1 The copper disc thermocouples shall be 
covered by pads as specified in 6.7 and shall: 


a) have a wire diameter of not more than 
0.7 mm, and 

b) be brazed to the centre of the face of a 
copper disk having the following nominal 
measurements: 12 mm diameter and 
0.2 mm thick (see Fig. 6). 


6.7 Thermocouple Insulating Pads 


6.7.1 Refractory fibre pads shall have the following 
properties: 


a) length and width of 30 mm + 0.5 mm, 
b) thickness of 2 mm + 0.5 mm, and 
c) density of 900 kg/m? + 100 kg/m? 
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PLAN VIEW 


CROSS SECTION 


THERMOCOUPLE WIRE 


COPPER DISC 


J 


ISOMETRIC 


12 mm Ø x 0.2 mm THICK COPPER DISC 
WITH 0.5 mm Ø THERMOCOUPLE WIRE 


COPPER DISC 


THERMOCOUPLE WIRE 


INSULATING PAD 


30 mm x 30 mm x 2 mm INSULATING PAD WITH CUTS 
TO ALL PAD TO BE POSITIONED OVER COPPER DISC 


FIG. 6 TYPICAL COPPER THERMOCOUPLE DISC AND INSULATING PAD 


6.7.2 When necessary, shape the pads by wetting, 
forming, and then drying them to provide complete 
contact on contoured surfaces. 


6.8 Cotton Pads 


6.8.1 The cotton pad’s nominal size shall be 
100 mm x 100 mm x 20 mm. Cotton pads are to 
consist of new, undyed, cotton fibres, without any 
mix of artificial fibres. Each cotton pad shall weigh 
3 gto4g. The cotton pads are to be conditioned 


prior to use by drying in an oven at 100 °C +5 °C 
for at least 30 min. After drying, the cotton pads 
shall be stored in a desiccator for up to 24 h 
immediately prior to use. 


6.8.2 The frame used to hold the cotton pad is to be 
formed of 1.3 mm steel wire and is to be provided 
with a handle that will reach all points of the test 
specimen accessible from the observation room 
(see Fig. 7). 
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Key 

Hinge 

Handle 

0.7 mm @ steel wire 

Hinged lid with latch 

1.3 mm @ steel wire framework 
NOTES 


1 Solid lines illustrate the framework. 
2 Dashed lines illustrate the hinged lid. 
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All dimensions in mm 
FIG. 7 TYPICAL COTTON WOOL PAD HOLDER 


6.9 Loading System tolerances are + 5 percent of dimensions shown in 
Use equipment, or device, capable of inducing a Fig. 8 or Fig. 9. 

desired load upon the perimeter joint protection. 6.10.1 The pressure-sensing probes shall be either: 
6.10 Pressure-Sensing Probes a) aT-shaped sensor as shown in Fig. 8, or 


: b) a tube sensor as shown in Fig. 9. 
Except for the diameters of the steel tubes, 


TEST ASSEMBLY 
p FURNACE —— 


STEEL TUBE 
WITH INTERNAL 
DIAMETER 

5mm TO 10 mm 


3 mm MILD STEEL 


BAFFLE PLATE 
meS ———| 


SECTION VIEW ELEVATION 


All dimensions in mm 


FIG. 8 T-SHAPED SENSOR 
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STANDARD 16 mm Ø PIPE A 


A B 
50 yal A 
N ¢ 
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SECTION AA 


END WELDED CLOSED 


SECTION BB 


HOLE (typ) 


NINE 1.5 mm @ HOLES SPACED 
40° APART AROUND THE PIPE 


ENLARGED SECTION AA 


All dimensions in mm 
FIG. 9 TUBE SENSOR 


6.11 Differential 
Instruments 


Pressure Measurement 


6.11.1 The differential pressure measurement 
instrument shall be: 


a) amanometer or transducer, and 

b) capable of reading in graduated increments 
of no greater than 2.5 Pa with a precision of 
not less than + 1.25 Pa. 


6.12 Calibration Instrumentation 


Flow rate measurement equipment shall be provided 
for each of the burners. 


7 TEST SPECIMEN 


7.1 The test specimen shall be representative of the 
construction for which the fire-resistance rating is 
desired with respect to materials, workmanship, and 
details. The test specimen is to be installed 
according to the manufacturer’s installation 
instructions for conditions representative of those 
found in building construction. 


7.2 Perimeter Joint Protection 


7.2.1 Test each perimeter joint protection with 
manufactured and field splices. When the technique 
of the manufactured splice is the same as the field 
splice, test only one splice. The minimum distance 
between a splice and the nearest side wall of the 
observation room shall be 1.5 times the thickness of 
the supporting construction or 300 mm, whichever 
is greater. The minimum separation between splices 
within a test specimen shall be 900 mm. 


10 


7.2.2 Fire test all perimeter joint protection at its 
maximum joint width. 


7.2.3 The perimeter joint protection shall be at least 
4 m long. 


7.2.4 When the perimeter joint protection has 
vertical or horizontal butt joints or seams as part of 
its design, these joints or seams shall be installed 
according to the manufacturer’s instructions. 


7.3 Exterior Wall Assemblies 


7.3.1 The exterior wall assembly shall be a 
construction agreed upon by the parties involved in 
testing and laboratory (see Fig. 10). 


7.3.2 The exterior wall assembly shall be 
representative of that used in common construction 
practice. 


7.3.3 The exterior wall assembly shall be secured to 
the test apparatus at each end. These fastening 
details to the test apparatus and those elsewhere 
within the test specimen shall be representative of 
that used in practice. 


7.3.4 Details of the erection shall follow the 
manufacturer’s instructions and shall be typical of 
actual use. 


7.3.5 Prior to the test, the exterior wall assembly and 
its components shall be conditioned as outlined in 
10. 


7.3.6 The minimum height and width of the exterior 
wall assembly shall be 5.3 m x 4 m. 
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CENTER SPANDREL CONFIGURATION 


1 Exterior wall assembly or calibration wall (see 7.3 and 9.2) 
2 Window (see 7.3.9) 
3 Test frame (optional) 


Fic. 10 EXAMPLE OF AN EXTERIOR WALL ASSEMBLY WITH WINDOW OPENING IN A TEST FRAME 


7.3.7 Th 
follows: 


a) 
b) 


c) 


e exterior wall assembly shall extend as 


below the floor of the test room a minimum 
of 50 mm, 

above the top of the test apparatus a 
minimum of 600 mm, and 

past the inside edges of both sidewalls of 
the apparatus a minimum of 300 mm. 


7.3.8 The exterior wall assembly shall completely 


close the 


front face of the test apparatus except for a 


simulated window opening in the test room. 
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7.3.9 The window shall: 


a) 


Have a height and width measuring 
750 mm x 2 000 mm with a tolerance of 
+10 mm. The exterior wall assembly shall 
include two layers of nominal 16 mm thick 
fire-resistant rated gypsum wallboard 
covering an area extending downward from 
a horizontal line at the elevation of the 
window lintel to the bottom of the exterior 
wall assembly minus the window opening. 
The gypsum wallboard shall be located and 
fastened as shown in Fig. 11 
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NOTES 


WINDOW 
LINTEL 


W 
WINDOW Y 
AREA COVERED BY GYPSUM 
WALLBOARD A 
Vs 


1 The base layer of the 16 mm, fire resistant gypsum wallboard to be applied at right angles or parallel to vertical framing members 
(that is, mullions) using nominal 25 mm screws spaced at 585 mm to 635 mm to centre. Space screws 13 mm + 3 mm from vertical 
end joints of gypsum wallboard and 19 mm + 3 mm from horizontal end joints of gypsum wallboard. 

2 The face layer of the 16 mm fire resistant gypsum wallboard to be applied over base layer at right angles or parallel to vertical framing 
members (that is, mullions) using nominal 40 mm screws spaced at 280 mm to 330 mm to centre. Space screws 13 mm +3 mm from 
vertical end joints of gypsum wallboard and 19 mm + 3 mm from horizontal end joints of gypsum wallboard. 

3 Stagger gypsum wallboard joints 585 mm to 635 mm to centre between the base and face layers. 


Fic. 11 ELEVATION VIEW OF INTERIOR FACE OF THE EXTERIOR WALL ASSEMBLY ILLUSTRATING GYPSUM 
WALLBOARD LOCATION 


b) For the calibration wall, have a sill height 
of 760 mm + 15 mm, and for the exterior 
wall assembly, the position of the window 
shall be documented in relation to the 
bottom of the floor assembly that abuts the 
perimeter joint protection. 

c) Be centred horizontally with respect to the 
test room, and 

d) Be the only opening in the test room at the 
start of the test. 


7.3.10 Spandrel Beam 


7.3.10.1 Secure a spandrel beam to the underside of 
the floor assembly construction when its use is 
required to represent the common construction 
practice attachment of the exterior wall assembly. 


7.3.10.2 Extend the spandrel beam across the test 
room from one interior wall surface to the opposite 
interior wall surface of the test room. 


7.3.10.3 The spandrel beam is to be as used in 
common construction practice. 


7.4 Floor Assembly 


7.4.1 The floor assembly installed into the test 
apparatus shall have a fire-resistance rating and 
representative of that used in common construction 
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practice and be at least 300 mm wide and at least 
4 m long. 


7.4.2 The top of the floor assembly shall be located 
at an elevation of + 15 mm relative to the elevation 
of the top of the observation room floor. 


8 TEST ROOM CONTROLS 


8.1 Test Room Thermocouples — Underside of 
the Observation-Room Floor 


8.1.1 Distribute at least five bare wire 
thermocouples uniformly to measure the 
temperature at the underside of the floor of the 
observation room (see Fig. 3). 


8.1.2 The exposed length of the bare wire 
thermocouples positioned at the underside of the 
observation room floor shall be at least 150 mm. 


8.2 Test Room Thermocouples Monitoring the 
Test Specimen 


8.2.1 Position at least four bare wire thermocouples 
to measure the test room temperature in the close 
proximity of the test specimen (see Fig. 4). 


8.2.2 Locate the end of the bare wire thermocouple 
used to measure the temperatures of the side of the 
test specimen 300 mm + 5 mm exposed to fire from 
both the underside of the perimeter joint protection 


and the interior face of the test room of the exterior 
wall assembly. Locate four bare wire 
thermocouples 600 mm + 30 mm apart and 
symmetrically distributed from the centreline of the 
test assembly (see Fig. 4). 


8.2.3 Verify the distance established in 8.2.2 at 
intervals not exceeding 10 min during the first 
30 min of the test and thereafter at intervals not 
exceeding 30 min. 


NOTE — The method used to accomplish verification of 
thermocouple position is at the discretion of the laboratory. 


8.2.4 Whenever the distance is not as specified 
in 8.2.2, reset the distance to comply with 8.2.2. 


8.3 Interior Face Exterior Wall Assembly 
Thermocouples 


8.3.1 Three bare wire thermocouples shall be placed 
on the interior face, exposed to the test room burner, 
of the exterior wall assembly. Locate these 
thermocouples on the horizontal plane that is 
1 830 mm + 25 mm above the top of the test room 
floor as specified in 8.3.2 through 8.3.4. 


8.3.2 The first thermocouple shall be placed on the 
intersection of the horizontal plane and the vertical 
centreline of the exterior wall assembly. 


8.3.3 The second thermocouple shall be placed on 
the horizontal plane 600 mm + 25 mm to the right of 
the one in 8.3.2. 


8.3.4 The third thermocouple shall be placed on the 
horizontal plane 600 mm + 25 mm to the left of the 
one in 8.3.2. 


8.4 Test Room Pressure 


The minimum vertical distance between pressure 
sensors, referenced in 6.10, shall be one-half the 
height of the test room or locate one probe 300 mm 
below the exposed surface of the perimeter joint 
protection. Locate the pressure sensors where they 
will not be subjected to direct impingement of 
convection currents. Tubing connected to each 
pressure sensor horizontal both in the test room and 
at its egress through the test room wall shall be such 
that the pressure is relative to the same elevation 
from the inside to the outside of the test room. 


9 CALIBRATION AND STANDARDIZATION 
9.1 Frequency 


9.1.1 Perform the following calibration procedure to 
evaluate the flow rates of the gas burners: 


a) prior to product testing, or 

b) when substantial changes to the gas flow 
systems are made (that is, new flow meters, 
and the like), or 
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c) within one year prior to the test of an actual 
product wall assembly. 


9.2 Calibration Wall 


9.2.1 Construct the calibration wall for the 
calibration test of two layers of nominal 16 mm 
thick, fire-resistant gypsum wallboard applied to 
both sides of 1.2 mm steel studs spaced 
approximately 600 mm on centres. Tape all butt 
joints of the gypsum wallboard. Extend the 
calibration wall at least 5.49 m above the floor of the 
test room and make the calibration wall at least 
4.27 m wide. 


9.2.2 Make the interior surface of the window 
opening of gypsum wallboard. 


9.2.3 Spandrel beam shall not be used. 


9.2.4 Measure and record the distance between the 
inside of the back wall of the test room and the 
interior face of the calibration wall. 


9.2.5 When applicable, fill an opening between the 
test room and the calibration wall with a ceramic 
fibre material having a nominal density of at least 
128 kg/m?. 


9.3 Preparation of Calibration Wall 


Construction 


9.3.1 Burn away the paper facing of the gypsum 
wallboard on the exterior face of the calibration wall 
assembly, before conducting the calibration test. 


9.3.2 To accomplish 9.3.1, ignite both the test room 
burner and the window burner while immediately 
adjusting the burners to their maximum flow rates as 
tabulated in Table 2. 


9.3.3 Run the burners for 5 min at these maximum 
flow rates and then shut them off. 


9.4 As a minimum, record temperature 
measurements at the following locations: 


9.4.1 At 14 locations on the vertical centreline of the 
visual face of the exterior wall assembly. 
(see Fig. 5) 


a) place the first bare wire thermocouple 
1372 mm + 6 mm above the top of the test 
room floor. 

b) place the second bare wire thermocouple 
458 mm + 6 mm above the one in 9.4.1(a). 

c) successively place each of the remaining 
bare wire thermocouples 300 mm + 10 mm 
above the one previously placed 
(see Fig. 5). 

d) successively number the bare wire 
thermocouples on the exterior face of the 
exterior wall assembly 1 through 14. 
Number the thermocouple in the window 
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Table 2 Gas and Heat Flow Rates 
[Clauses 9.3.2, 9.6.1, 9.6.2, 9.6.3, 12.7.1 and 12.7.2(b)] 


SI Time Interval Maximum Flow Heat at Test Maximum Flow Rate Heat at 
No. . Rate of Test Room of Window Burner Window 
min 
Room Burner Burner Fits Burner 
m°/min 
m?/min kW kW 
d) 2) (3) (4) (5) (6) 
i) 0:00 to 5:00 1.08 687 0.00 0 
ii) 5:00 to 10:00 1.08 687 0.25 163 
iii) 10:00 to 15:00 1.22 717 0.34 217 
iv) 15:00 to 20:00 1.30 831 0.45 289 
v) 20:00 to 25:00 1.30 831 0.54 343 
vi) 25:00 to 30:00 1.42 904 0.62 398 


opening #1 and the thermocouple at the top 
of the calibration wall #14. The higher the 
location of the thermocouple, the higher the 
number of the thermocouple. 


9.4.2 Place three bare wire thermocouples on the 
face of the calibration wall exposed to the test room 
burner according to 8.3. 


9.5 Heat Flux Measurements 


9.5.1 The total heat flux at a minimum of three 
locations shall be measured. 


9.5.2 Trace the devices on the face exposed to the 
test room burner opposite thermocouples 4, 5, and 6 
referenced in 9.4.1(d). 


9.5.3 Make the devices flush with the calibration 
wall surface that is exposed to the test room. 


9.6 Calibration Test Procedure 


9.6.1 Conduct the calibration test in a way that the 
burners are fired according to Table 2. Stabilize 
each burner at its assigned flow rate within 15 s of 
each change. 


NOTE — The type of gas used to fuel the burners is not 
critical because Table 3 provides the temperatures that are 
to be obtained during the calibration procedure. If those 
temperatures obtained during the initial calibration are not 
within the tolerance of Table 3, then the calibration 
procedure is to be rerun in accordance with 9.10. 


9.6.2 For tests up to 30 min in duration, follow 
Table 2. 


9.6.3 For tests greater than 30 min in duration, 
follow Table 2 for the first 30 min and then: 


a) maintain the window burner at the 
maximum gas flow rate in Table 2 for the 
remaining part of the fire-resistance test. 


b) after the first 30 min of a test, if the 
average temperature of the thermocouples 
in 8.1 in the test room is found to be 
different than values specified in the test 
methods of IS/ISO 834-1, time-temperature 
curve, adjust the gas flow to conform to the 
test methods of  ISÆASO 834-1 
time-temperature curve. See Fig. 3 for 
location of the thermocouples in the test 
room. 


9.6.4 Conduct the first calibration test with the 
window burner located so that the vertical centreline 
of the burner is flush with the exterior face of the 
wall assembly. 


9.7 Compare the data obtained to the specified 
values in Table 3 at the conclusion of the calibration 
test. Determine the average values for each time 
period using data from 15 s into the period through 
15 s short of the end of the period to prevent burner 
changes from affecting the data. For example, if the 
average for the 5 min to 10 min time interval is 
being processed, use the data from the actual times 
of 5: 15 through 9 : 45 for the average. 


NOTE — When the average calibration values in Table 3 
are met, the time-temperature curve at the end of initial 
30 min of this fire test will be higher than the standard 
test methods of IS/ISO 834-1 time-temperature curve 
(see Fig. 12). 


9.8 All of the determined average values for the 
locations shown in Table 3 shall fall within the 
tolerances of those specified in Table 3. The 
allowable tolerances for the comparison of 
determined average values to the specified average 
values in Table 3 are: 


a) +10 percent for temperatures, and 
b) as shown in Table 3 for the heat flux 
measurements. 
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Table 3 Average Calibration Values 
(Clauses 9.6.1, 9.7 and 9.8) 


SI Particulars Time —» 0-5 5-10 10-15 15-20 20-25 25-30 
No. 4 min 
(1) (2) (3) (4) (5) (6) (7) (8) 
i) Test room average °C using 622 730 806 871 869 808 
TC’s in 8.1 
ii) Interior face of exterior wall 
assembly average (°C) using 574 703 718 859 858 902 


thermocouples in 8.3 


iii) TC # 2 — Thermocouples 
1 830 mm above top of floor of 
test room on exterior face of 
exterior wall (°C) 


iv) TC # 3 — Thermocouples 
2 130 mm above top of floor of 
test room on exterior face of 
exterior wall assembly (°C) 


v) TC # 4 — Thermocouples 
2 430 mm above top of floor of 
test room on exterior face of 
exterior wall assembly (°C) 


vi) TC # 5 — Thermocouples 
2 730 mm above top of floor of 
test room on exterior face of 
exterior wall assembly (°C) 


317 466 511 533 563 581 


359 546 605 639 674 702 


341 521 591 634 674 712 


302 459 528 573 613 662 


vii) TC # 6 — Thermocouples 
3 030 mm above top of floor of 
test room on exterior face of 
exterior wall assembly (°C) 


272 407 469 509 542 597 


vii) TC # 7 — Thermocouples 
3 330 mm above top of floor of 
test room on exterior face of 
exterior wall assembly (°C) 


244 366 419 458 489 543 


ix) Calorimeter 2 130 mm above 
top of floor of test room 0.90.2 19404 25405 29406 3407 3.80.8 
(W/cm?) 


x) Calorimeter 2 430 mm above 
top of floor of test room 1.00.2 20404 26405 3206 3707 400.8 
(W/cm?) 


xi) Calorimeter 2 730 mm above 
top of floor of test room 0.840.2 1540.3 20404 25405 300.6 3.40.7 
(W/cm?) 


NOTE — TC = Thermocouple. 
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Time-Temperature Curve 
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Fic. 12 ISMA/IS/ISO 834-1 TIME TEMPERATURE CURVES 


9.9 The values for thermocouples 1 and 8 through 
14, defined by 9.4.1(d) and as shown in Fig. 5, shall 
be reported, but they shall not be used in the 
calibration determination. 


9.10 When the actual test values are not within 
tolerance, do the following until the determined 
values are within tolerance: 


a) Repeat the calibration and the gas flows, or 
b) Adjust the window burner position. 


9.11 Use the flow rates derived from the calibration 
test when it is demonstrated that the burners must 
follow different flow rates to attain the following: 


a) The prescribed test room temperatures, or 
b) Exterior temperatures and heat fluxes, or 
both. 


9.12 When it is demonstrated that the window 
burner must be repositioned within 0 and 150 mm of 
the calibration wall’s exterior face to attain the 
prescribed exterior temperatures and heat fluxes, 
then use the position derived from the calibration 
test in all subsequent testing. 


10 CONDITIONING 


10.1 Preceding to testing, condition the test 
specimen to reach equilibrium in air having 
50 percent relative humidity at 23 °C +3 °C. The 
supporting construction is not required to be 
conditioned with the perimeter joint protection. 
When conditioning to these conditions cannot be 


accomplished, conduct the testing when the dampest 
portion of the supporting construction and perimeter 
joint protection have achieved equilibrium resulting 
from storage in air having 50 percent to 75 percent 
relative humidity at 23 °C + 3 °C. 


10.1.1 Exception 


Continue the conditioning only until the supporting 
construction has developed sufficient strength to 
retain the perimeter joint protection securely in 
position when the following conditions occur: 


a) An equilibrium condition is not achieved 
within a twelve-month conditioning period, 
or 

b) The supporting construction or perimeter 
joint protection is such that hermetic sealing 
resulting from the conditioning has 
prevented drying of the interior of the 
supporting construction. 


10.2 Determine the relative humidity within 
hardened concrete based on a method that uses an 
electric sensing element. Determine the relative 
humidity within a supporting construction or test 
specimen made of materials other than concrete with 
a method such as one that uses an electric sensing 
element. 


10.3 Do not use wood with a moisture content 
greater than 13 percent as determined by an 
electrical resistance method. 


10.4 Avoid procedures that will alter the 
characteristics of the test specimen from those 
produced as a result of drying according to the 
procedures specified in 10.1, when it becomes 
necessary to use accelerated drying techniques. 


10.5 Obtain information on the actual moisture 
content and distribution within the test specimen 
within 72 h of the fire test. When the moisture 
condition of the test specimen is capable of changing 
significantly from the 72 h sampling condition prior 
to test, make the sampling not later than 24 h prior 
to the test. 


10.6 Any additional curing regime requested by the 
manufacturer and sponsor shall be followed and 
clearly reported. 


10.7 The entire test construction shall be protected 
from weather during the cure time. 


11 MOVEMENT TEST 


PROCEDURE 


CYCLING 


11.1 The test sponsor shall provide the laboratory 
with the nominal, maximum, and minimum joint 
width values for the perimeter joint protection being 
tested. The assembly requires movement cycling, 
when the maximum joint width is not equal to the 
minimum joint width (see 3.6 and 3.7). 


NOTE — A perimeter joint is considered ‘static’ when its 
maximum and minimum joint widths are equal because it 
will not move. A perimeter joint is considered ‘dynamic’ 
when the maximum joint width is greater than the minimum 
joint width because it is capable of movement. 


11.2 Subject the perimeter joint protection, which 
meets the criteria of 11.1, to movement cycling prior 
to the fire exposure. Use appropriate cycling 
apparatus (see 6.4). 


11.3 The test sponsor shall select one of the four 
movement types desired for the movement cycle test 
from Table 1. 


11.4 Install each perimeter joint protection at its 
nominal joint width either together with its 
supporting construction or separate from it. Cycle 
each perimeter joint protection according to the 
cyclic rate and number of movement cycles selected 
by the test sponsor as indicated in 11.3. One cycle 
consists of starting at the nominal joint width, 
opening to the maximum joint width, closing to the 
minimum joint width, and returning to the nominal 
joint width. 


11.5 Any alterations or modifications, which will 
enhance the thermal performance of the perimeter 
joint protection, during or after the movement 
cycling shall not be allowed. 


11.6 Examine the perimeter joint protection after 
movement cycling. Note, photograph, and report 
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any indication of stress, deformation, or fatigue of 
the test specimen. 


11.7 When a perimeter joint protection has been 
movement cycled separately from its supporting 
construction, remove it from the cycling apparatus, 
install it in the supporting construction, and set it at 
the maximum joint width prior to fire testing. This 
process shall not take any longer than 96 h. 


12 FIRE-RESISTANCE TEST PROCEDURE 
12.1 Test Assembly 


12.1.1 Seal the exterior wall assembly against the 
test apparatus with an insulating gasket between the 
wall assembly and the test apparatus. The length of 
the perimeter joint protection exposed to heat and 
flame shall be at least 3.0 m. Seal the open ends of 
the test specimen against air flow. Throughout the 
test, check the seals at the ends of the test specimen 
and repair them, as necessary, to prevent air flow. 


12.1.1.1 Measure and record the distance from the 
inside of the back wall of the test room to the interior 
face of the exterior wall assembly that faces the 
interior of the test room. 


12.1.1.2 When the distance recorded in 9.2.4 is 
different than the distance recorded in 12.1.1.1 by 
more than 2 percent, the fire test shall not be 
conducted. Perform another calibration test using 
the measurement in 12.1.1.1. Continue the fire test 
after performing the re-calibration test using the 
distance measured in 12.1.1.1. 


12.1.2 Protect the test equipment and test assembly 
from any condition of wind or weather that 
influences test results. 


12.1.2.1 Measure the ambient air temperature at the 
beginning of the test; it shall be between 4.5 °C to 
37.8 °C. 


12.1.2.2 Measure the velocity of air moving parallel 
to the surface of the test assembly, which will be 
unexposed to the fire in the test room, immediately 
before the test begins; it shall not exceed 1.3 m/s as 
determined by an anemometer placed at right angles 
to the unexposed surface. When mechanical 
ventilation is employed during the test, do not direct 
an air stream across the surface of the test assembly. 


12.1.2.3 Measure the humidity at the beginning of 
the test; it shall be between 20 percent to 80 percent. 


12.1.3 Record all measurements in 12.1.2. 
12.2 Unexposed Surface Thermocouples 


12.2.1 Provide unexposed surface thermocouples as 
described in 6.6. Measure the temperatures of the 
unexposed surface (surface of test specimen 
opposite the exposure to test room fire) with 
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thermocouples placed under thermocouple 
insulating pads (see 6.7). Hold the pad against the 
surface and fit it about the thermocouple. 


12.2.2 Deform the thermocouple pad to follow the 
non-planar surface profile of the test specimen, 
when necessary. 


12.2.3 Do not place unexposed surface 
thermocouples closer to the nearest side wall of the 
observation room than 1.5 times the thickness of the 
supporting construction or 300 mm whichever is 
greater. 


12.2.4 Locate unexposed surface thermocouples on 
the test specimen as follows: 


a) place at least one thermocouple on each 
splice of each perimeter joint protection, at 


b) 


c) 


d) 


the mid-point of the splice (see Fig. 13, 
item 1). 

place at least three thermocouples along the 
longitudinal centreline of the perimeter 
joint protection contained between the 
observation room walls 
(see Fig. 13, items 2, 3, 4, and 15). 


place at least two thermocouples on the 
adjacent floor assembly at a maximum 
distance ‘X’, where X is equal to the 
maximum thickness of the adjacent floor 
assembly, from the void or joint edge 
(see Fig. 13, items 7 and 8, and Fig. 14). 


place at least two thermocouples at the 
junction of the floor assembly and 
perimeter joint protection (see Fig. 13, 
items 9, 10 and 14). 
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PLAN VIEW OF OBSERVATION ROOM FLOOR AT PERIMETER JOINT TREATMENT 
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INTERIOR ELEVATION VIEW OF OBSERVATION ROOM FLOOR 


Key 
Splice thermocouple [see 12.2.4(a)] 


Floor assembly thermocouple [see 12.2.4(c)] 
Floor assembly thermocouple [see 12.2.4(c)] 
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Longitudinal centreline thermocouple [see 12.2.4(b)] 
Longitudinal centreline thermocouple [see 12.2.4(b)] 
Longitudinal centreline thermocouple [see 12.2.4(b)] 
Junction thermocouple — exterior wall assembly and perimeter joint protection 
Junction thermocouple — exterior wall assembly and perimeter joint protection 


Junction thermocouple — floor assembly and perimeter joint protection [see 12.2.4(d)] 


10 Junction thermocouple — floor assembly and perimeter joint protection [see 12.2.4(d)] 


11 Exterior wall assembly (see 7.3) 
12 Floor assembly (see 7.4) 


13 Junction of exterior wall assembly and perimeter joint protection [see 12.2.4(c)] 
14 Junction of exterior wall assembly and perimeter joint protection [see 12.2.4(d)] 
15 Longitudinal centreline of perimeter joint protection [see 12.2.4(b)] 


16 Centreline of test specimen 


Fic. 13 LAYOUT OF UNEXPOSED SURFACE THERMOCOUPLES (see 12.2) 
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Key 


1 Floor assembly (see 7.4) 
2 Typical void (see 3.1) 
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Fic. 14 TYPICAL VOID [see 12.2.4(c)] 


12.2.5 If, in the opinion of the laboratory, potential 
weak spots are identified, attach additional 
unexposed surface thermocouples to these weak 
spots. An example of a weak spot is any irregularity, 
such as a crack or tear that has occurred to the test 
specimen during the cycling or the installation 
process. 


12.2.6 Do not locate thermocouples over fasteners 
(such as screws, nails, or staples) that will be higher 
or lower in temperature than at a more representative 
location if the aggregate area of any part of such 
fasteners on the unexposed surface is less than 
1 percent of the area within any 150 mm diameter 
circle, unless the fasteners extend through the test 
specimen. 


12.3 Apply a superimposed load to the perimeter 
joint protection throughout the test, for perimeter 
joint protection that is designed to be load bearing. 
The superimposed load is to simulate the maximum 
design load for the perimeter joint protection 
(see 6.9). 


12.4 Verify the operation of instrumentation on the 
completed test assembly. 


12.5 Verify the location of window burner. 


12.6 Simultaneously start the measuring devices and 
data acquisition equipment at least 1 min before 
ignition of test room burner. 


12.7 Fire test room burner. 


12.7.1 During the first 30 min of the test, fire the 
burners according to Table 2. 


a) Each burner shall attain its assigned flow 
rate within 15 s of each change. 

When it is determined by the calibration 
procedure that the burners need to follow 
slightly different flow rates to attain the 
prescribed test room and/or exterior 
temperatures and heat fluxes, then the 


b) 


flows derived from the calibration tests 
shall be used. 


12.7.2 When a test duration is longer than 30 min, 


a) Use the ISSO 834-1 time-temperature 
curve for the test room for the remainder of 
the test duration beyond 30 min. 


b) Follow flow regime for burners in Table 2 
for the first 30 min. Adjust the gas flow to 
conform to the test methods IS/ISO 834-1 
time temperature curve, after the first 
30 min of a test, if the average temperature 
of the test room thermocouples in 8.1 is 
different than that specified in the 
time-temperature curve in IS/ISO 834-1. 
The gas flow into the test room shall not 
exceed 1.30 times the gas flow required 
during the 25 : 00 to 30 : 00 minute time 
interval. Refer Fig. 3 for location of the 
thermocouples in the test room. Leave the 
window burner in place and maintain its 
last setting (time interval 25 : 00 to 30 : 00) 
in Table 2 for the remainder of the test. 


c) After 30 minutes and when the gas flow 
into the test room is less than 1.30 times the 
gas flow required during the 25 : 00 to 
30 : 00 minute time period, control the test 
room burner such that the area under the 
test methods IS/ISO 834-1 time- 
temperature curve, obtained using the 
thermocouples in 8.1, is as follows: Within 
10 percent of the corresponding area under 
the test methods IS/ISO 834-1 time- 
temperature curve for fire tests of 1 h or 
less duration. Within 7.5 percent of the 
corresponding area under the test methods 
ISASO 834-1 time-temperature curve for 
those over 1 h and not more than 2 h. 
Within 5 percent of the corresponding area 
under the test methods IS/ISO 834-1, 
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time-temperature curve for tests exceeding 
2 h in duration. 


12.8 Take and record unexposed surface 
temperatures and test room temperature readings at 
intervals not exceeding 1 min throughout the test. 


12.9 When requested by the test sponsor or at the 
discretion of the laboratory, measure and record the 
radiation emitted from the unexposed surfaces of the 
perimeter fire barrier. Document the method used to 
collect this data. 


NOTE — The information collected in 12.9 may be used to 
establish a database with the consent between the parties 
concerned. This database may be used to create future test 
methodology and criteria. 


12.10 Termination of Test 


12.10.1 The fire test can be terminated for one or 
more of the following reasons: 


a) safety of personnel or impending damage 
to equipment. 

b) attainment of conditions of compliance. 

c) mutually agreed by the parties involved. 


12.10.2 Upon mutually agreement of the parties 
involved, fire test can be continued even after the 
conditions of compliance have been met or 
exceeded, to obtain additional data. 


12.10.3 When a test is terminated before the 
conditions of compliance are met, the reason for 
termination shall be documented for the test report. 


12.11 Test Room Pressure 


12.11.1 Calculate the differential pressure of the test 
room based on measurements taken at the specified 
locations and elevations and based on the linear 
pressure gradient of the test room. Determine the 
linear pressure gradient of the test room by the 
difference in measured pressure of at least two 
pressure sensors separated by a vertical distance in 
the test room or use the reading obtained at the 
single pressure probe location described in 8.4. 


NOTE — The vertical distance does not have to be 
specified because the pressure gradient is linear and can be 
calculated with any vertical distance. 


12.11.2 Operate the controls such that a minimum 
pressure of 2.5 Pa is established at 300 mm below 
the floor. 


12.11.3 Read the differential pressures at intervals 
not exceeding 1 min throughout the test (see 6.10 
and 6.11). These observations shall be recorded. 


12.11.4 After the first 10 min of fire exposure, 
control the furnace pressure (at the locations 
specified) so that it will not be less than 2.5 Pa for: 
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a) The last 25 percent of the fire exposure 
time period; and 

b) An aggregate time period exceeding one of 
the following: 


1) 10 percent of the fire exposure for fire 
tests of 1 h or less duration, 

2) 7.5 percent of the fire exposure for fire 
tests longer than 1 h but not longer than 
2 h, and 

3) 5 percent of the fire exposure for fire 
tests exceeding 2 h in duration. 


12.12 Observations 


12.12.1 Make observations of the exposed and 
unexposed surfaces of the floor assembly, perimeter 
joint protection, and exterior wall assembly 
throughout the test. At a maximum of 15 min time 
intervals, record observations, such as deformation, 
spalling, cracking, burning, and production of 
smoke. Measure and record deflection of the 
exterior wall assembly, when requested by the test 
sponsor or at the discretion of the laboratory. 
Instrumentation for the measurement of deflection 
shall be located so as to provide data in terms of the 
amount and rate of deflection during and after the 
fire test. 


12.12.2 When a crack or hole is observed on the 
unexposed side of the perimeter fire barrier during 
the test, verify its integrity according to 13. The 
location, time, and results of each cotton pad 
application shall be recorded. 


12.12.3 Continue the test until the conditions of 
compliance have been exceeded or until the test 
specimen has satisfied all the applicable 
requirements as specified in 15.2 for the desired 
fire resistance rating. 


12.12.4 Upon consent of the parties involved, 
continuing the test after the fire-resistance rating has 
been determined can be permitted, for the 
development of additional data. 


13 INTEGRITY TEST PROCEDURE 


13.1 Assess the integrity of the perimeter fire barrier 
during the fire-resistance test for passage of flame 
and hot gasses using a cotton pad in a wire frame 
provided with a handle (see 6.8), when a crack or 
hole is observed. 


13.2 Hold the cotton pad directly over an observed 
crack or hole in the test specimen, approximately 
25 mm from the breached surface, for a period of 
30 s 1 s. Make small adjustments in the position of 
the cotton pad to be in the direct path of the hot 
gasses, when required. 


13.3 When no glowing or flaming of the cotton pad 
occurs during the 30 s application, make screening 
tests that: 


a) involve 30 s duration applications of the 
cotton pad to areas of potential failure, or 


b) involve the movement of the cotton pad 
over and around such areas. 


NOTE — Screening tests are additional application of the 
cotton pad to areas of the perimeter fire barrier that appear 
to be degrading to a point where flames or hot gasses 
appear to be escaping (potential failure). 


13.4 Charring of the cotton pad is only an indication 
of a potential failure; apply an unused cotton pad, 
which must glow, or flame as described in 13.3 to 
determine the integrity failure. 


14 AIR LEAKAGE TEST 


The fire-resistive floors and/or wall structures and 
the joint system shall be representative of the 
construction for which air leakage rating is desired 
and shall be constructed, conditioned and movement 
cycled in the same manner as that described for the 
fire test assembly. The minimum length of the joint 
system for the air leakage tests is 1 m. The same test 
assembly constructed, conditioned and movement 
cycled for the fire test is not prohibited from being 
used for the air leakage tests. When the same test 
assembly is used for both the air leakage tests and 
the fire test, the air leakage tests are to be conducted 
in the 96 h time period immediately preceding the 
fire resistance test. The joint system is to be tested 
for air leakage at the maximum joint width. 


14.1 Apparatus 


The air leakage test chamber is to consist of a sealed 
box capable of withstanding the differential test 
pressure with one open side into or against which the 
test assembly is mounted and secured for testing. 
The chamber is to be provided with an air supply 
system designed to provide an essentially constant 
air flow at the specified test pressure difference and 
temperature for a time period sufficient to obtain 
readings of air flow. At least one air pressure tap is 
to be provided to measure the chamber pressure with 
respect to atmospheric pressure. The air supply 
opening into the chamber is to be arranged so that 
air is not discharged directly onto the joint system or 
onto the air pressure tap. The chamber is to be 
provided with an air flow metering system to 
measure the air flow into the chamber. The 
minimum depth of the test chamber, as measured 
from the exposed surface of the test assembly to the 
opposing surface of the chamber, is to be 300 mm. 


The air temperature in the chamber is considered to 
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be the average temperature obtained from the 
readings of not less than three thermocouples 
symmetrically distributed 150 mm from the exposed 
face of the test assembly. The temperature of the test 
assembly is considered to be the average 
temperature obtained from the readings of not less 
than two thermocouples in contact with the exposed 
face of the test assembly. The temperatures are to be 
measured and recorded at intervals not exceeding 
5 min and at the time each pressure differential is 
recorded. 


14.2 Conduct of Air Leakage Test 


The test assembly is to be mounted and secured in 
or against the test chamber opening with the 
perimeter sealed. Prior to the ambient temperature 
air leakage test specified in 14.2.2 and again after 
the elevated temperature air leakage test specified in 
14.2.3, the extraneous chamber leakage is to be 
measured. 


14.2.1 The extraneous chamber leakage is to be 
measured with the top surface of the test assembly 
sealed using an air-impermeable sheet or cover. The 
temperature of the test assembly and the air 
temperature in the chamber are to be 24 °C + 11 °C. 
The air flow into the test chamber is to be adjusted 
to provide a positive test pressure differential of 
75 Pa between the test chamber and atmospheric 
pressure. The test pressure difference is to be 
measured by means of a manometer or equivalent 
transducer capable of reading pressure in increments 
of 2.5 Pa with a measurement precision of 1.25 Pa. 
After the test conditions are stabilized, the air flow 
through the air flow metering system and the test 
pressure difference are to be measured and recorded. 
This measured air flow is designated as the 
extraneous chamber leakage (Qe). 


14.2.2 For the ambient temperature air leakage test, 
the temperature of the test assembly and the air 
temperature in the chamber are to be 24 °C + 11 °C. 
The air flow into the test chamber is to be adjusted 
to provide a positive test pressure differential of 
75 Pa between the test chamber and atmospheric 
pressure. After the test conditions are stabilized, the 
air flow through the air flow metering system and 
the test pressure difference are to be measured and 
recorded. This measured air flow is designated as 
the total metered air flow (Qò. 


14.2.3 For the elevated temperature air leakage test, 
the test to determine total metered air flow (Q,) at 
ambient temperature as specified in 14.2.2 is to be 
repeated but with the air temperature in the chamber 
increased to 204 °C + 5 °C. The temperature of the 
exposed face of the test sample prior to the 
conduct of the test is to be 24 °C + 11 °C. The air 
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temperature in the chamber is to be increased so that 
it reaches 177 °C within 15 min and 204 °C within 
30 min. When stabilized at the prescribed air 
temperature of 204 °C + 5 °C, the air flow through 
the air flow metering system and the test pressure 
difference are to be measured and recorded. 


14.3 Air Leakage Rate Calculation 


The barometric pressure, temperature and relative 
humidity of the supply air are to be measured and 
recorded. The air supply flow values are to be 
corrected to standard temperature and pressure 
(STP) conditions for calculation and reporting 


purposes. 


14.3.1 The air leakage (Q) through the joint system 
at each temperature exposure is to be expressed as: 


Q =Q, -Q 
where 
Q: = total metered air flow, and 
Qe = extraneous chamber leakage. 


14.3.2 The air leakage rate (q) through the joint 
system is to be expressed as: 


TA 


where 


L = overall length of the joint system. 
15 CONDITIONS OF COMPLIANCE 
15.1 Movement Cycling Test 


When movement cycling is conducted, the perimeter 
joint protection shall not have developed any 
opening or crack after having completed at least the 
minimum number of movement cycles using at least 
the minimum cyclic rate for the movement type 
selected. 


15.2 Fire-Resistance Test 
15.2.1 T’ Rating 


The ‘T’ rating of the perimeter fire barrier shall be 
determined as the time at which one of the following 
conditions first occurs: 


a) The temperature rise of any of the 
unexposed surface thermocouples on the 
unexposed face of the perimeter fire barrier 
or adjacent supporting construction as 
defined in 3.16 or on the interior surface of 
the curtain wall is more than 180 °C above 
the initial temperature. 

b) For maximum joint widths greater than 
100 mm, the average temperature rise as 
indicated by all unexposed surface 
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thermocouples described in 12.2 is more 
than 139 °C above the initial temperature. 

c) The unexposed thermocouples on the floor 
assembly in 12.2.4(c) shall not be used to 
determine the conditions of compliance for 
the perimeter fire barrier, when the test is 
continued beyond the fire resistance rating 
of the floor assembly. 

d) When the indicated fire-resistance rating of 
the perimeter fire barrier is 60 min or more, 
it shall be increased or decreased by the 
following correction. The correction shall 
compensate for significant variation of the 
measured test room temperature from test 
methods IS/ISO 834-1 time-temperature 
curve provided that the conditions of 
12.7.2(c) are met. To calculate the 
correction factor, use the thermocouples 
in 8.1. The correction is determined by the 
following formula: 


_ 21(A- A.) 
 3(A, +L) 


where 


correction to the indicated fire 
resistance in the same units as 
I, 

indicated fire resistance in 
min, 

area under the actual time- 
temperature curve for the first 
three fourths of the indicated 
fire resistance in °C.min, 

the area under the standard 
time-temperature curve for the 
first three fourths for the same 
part of the indicated fire 
resistance in °C.min, and 

lag correction in the same units 
as A and Ag, 1 800 °C.min. 


Q 
Il 


15.2.2 ‘F’ Rating, Fire Rating 


The ‘F’ rating of the perimeter fire barrier shall be 
determined as the time at which one of the following 
conditions first occurs: 


a) Flame penetration through the perimeter 
joint protection or around its boundaries 
through openings in the curtain wall above 
the perimeter Fire barrier system, or 

b) The passage of flames or hot gases enough 
to ignite the cotton pad when applied 
according to 13. 


15.3 Integrity Test 


The perimeter fire barrier shall not have allowed the 
passage of flames or hot gasses sufficient to ignite 
the cotton pad as specified in 13. 


15.4 Load Application 


The perimeter joint protection shall have sustained 
that load for the duration of the rating period when a 
load is applied. 


16 DOCUMENTATION 
16.1 Documentation shall consist of the following: 


16.1.1 Photographs depicting the construction of the 
test specimen, during actual test (at least once every 
10 min, with the time documented), and post-test to 
include dissection of the test specimen. 


16.1.2 Video recording of the exterior face of the 
exterior wall assembly prior to, during, and 
post-test, if requested by the test sponsor. 


16.1.3 The laboratory identification number and test 
date must be placed on or in front of the exterior face 
of the test specimen and shall be photographed, 
before the start of the test. 


16.1.4 If requested by the test sponsor, video record 
the unexposed surfaces of the perimeter fire barrier 
(exterior wall assembly/floor assembly intersection) 
during the test period. The video record is used to 
support in determination of flame penetration and/or 
smoke development through the perimeter fire 
barrier; and 


16.1.5 A clock or timer depicting ‘real time’ shall be 
included in all video recordings. The timer shall be 
either: 


a) integral to the video camera, or 

b) a clock/timer shall be placed such a way 
that it will be clearly viewed throughout the 
test. 


17 REPORT 
17.1 General Information 


17.1.1 The test date and a reference (project or 
laboratory identification) number. 


17.1.2 As a minimum, provide the following details 
about the laboratory or test facility: 


a) name and location 
b) a description of the 
referenced in 6.2. 


test apparatus 


17.2 Include a unique designation for each perimeter 
fire barrier tested. Following information shall be 
provided for each perimeter: 


a) Drawings and descriptions of the 
supporting construction and each perimeter 
joint protection detailing dimensions, 
materials, and composition. 

b) The curing time, for any components of 
each perimeter fire barrier, if any. 
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c) The moisture content and the distribution 
of moisture within the test specimen. 

d) The shape and dimensions of recesses 
(voids) when formed in the floor assembly 
to secure any part of the perimeter joint 
protection. 

e) All installation procedures stated by the 
test sponsor, details of the equipment used, 


and photographs of the installation 
procedure. 

f) The splicing method used, including the 
test sponsor’s instructions, and 
photographic documentation of the 
installation. 


g) A description of any perimeter joint 
protection which contains a change in 
direction (that is, corner). Include the test 
sponsor’s installation or fabrication 
instructions or both, and photographic 
documentation of the installation. 

h) The exterior wall assembly and floor 
assembly constructions (such as the density 
and type of materials, moisture content, 
special fabrication details). Include the 
window opening location. 

j) Describe the spandrel beam and insulation 
used to protect it and any other 
reinforcement, if used. 


17.3 Movement Cycling Test 


When movement cycling is conducted, include the 
following information: 


a) The nominal joint width. 

b) The maximum joint width stated by the test 
sponsor. 

c) The minimum joint width stated by the test 
sponsor. 

d) The movement type selected by the test 
sponsor from Table 1. 

e) The minimum number of 
completed. 

f) The cyclic rate (cpm) used. 

g) Whether or not 17.3(e) and 17.3(f) for each 
perimeter joint protection satisfies 17.3(d). 

h) Photographs of each perimeter joint 
protection tested before, during, and after 
the movement cycling. 

j) Whether the perimeter joint protection was 
cycled either together with its supporting 
construction or separate from it. 


cycles 


17.4 Fire-Resistance Test 


17.4.1 For each perimeter fire barrier tested, include 
the following: 


a) Length and maximum joint width used in 
the fire test. 

b) The ‘F-rating’ and ‘T-rating’ expressed in 
elapsed minutes, for which the relevant 
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conditions of compliance have been 
satisfied. Report the fire-resistance rating 
of the floor assembly used. Report the type 
of exterior wall assembly used. When a 
fire-resistance rated exterior wall assembly 
was tested, indicate the rating and the test 
method used to rate the exterior wall 
assembly. 


17.4.2 Report the temperatures and the pressure data 
of the room. Report all time intervals when the test 
room temperature was limited by maximum 
allowable gas flow. 


17.4.3 Report the recorded measurement of the 
superimposed load applied to the perimeter joint 
protection, method of application, and a 
photographic documentation of its placement, if 
applied. 


17.4.4 When applicable, report the recorded 
measurement of any deflection for each perimeter 
joint protection and its supporting construction. 


17.4.5 Report any observations made of the surfaces 
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exposed and unexposed to fire, such as deformation, 
spalling, cracking, burning, and production of 
smoke. 


17.4.6 Report the time and cause for termination of 
the test (see 12.10). 


17.5 Integrity Test 


When the integrity test is conducted, report the 
results for each perimeter fire barrier. Report 
whether each perimeter fire barrier passed or failed. 
When there was no need to conduct the integrity test 
during the fire-resistance test, state that no integrity 
test was performed because it was not necessary. 


17.6 Air Leakage Test 


Maintain a record of all data obtained from the air 
leakage tests that is used to calculate the air leakage 
rate at each temperature exposure. 


NOTE — When the air leakage test is conducted, the 
‘L-rating’ is to be reported as the largest leakage rate 
determined from the air leakage test for each temperature. 
Separate ratings can be identified for each temperature 
exposure. 


ANNEX A 
(Foreword) 


ENGINEERING JUDGEMENT 


A-1 When field conditions differ from original 
design or unanticipated construction hindrances are 
encountered, Engineering Judgments (EJ’s) are 
typically made that recommend alternative methods 
to ensure performance of the firestop system is not 
compromised. Generally, these conditions or 
hindrances cannot be easily or cost effectively 
redesigned so alternative protection schemes must 
be implemented to maintain the system’s integrity. 
Since these recommendations are not based upon 
identical designs as that which were fire tested, it is 
important that they be developed using sound 
engineering principles and good judgment. 
Construction industry professionals, building 
officials, fire officials, firestop contractors and other 
stakeholders need to follow these guidelines for 
evaluating and using such judgments. 


A-1.1 Perimeter fire barrier system engineering 
judgments shall: 


a) not be used in lieu of tested systems when 
tested systems are available. 


b) be issued only by firestop manufacturer’s 
qualified technical personnel or, by a 
knowledgeable professional engineer, or 
fire protection engineer, or an independent 
testing agency that provides listing services 
for the systems. 


c) be based upon interpolation of previously 
tested perimeter fire barrier systems that 
are either sufficiently similar in nature or 
clearly bracket the conditions upon which 
the judgment is to be given. Additional 
knowledge and technical interpretations 
based upon accepted engineering 
principles, fire science and fire testing 
guidelines may also be used as further 
support data. 


d) be based upon full knowledge of the 
elements of the construction to be protected 
and the understanding of the probable 
behaviour of that construction, and the 
recommended firestop system protecting it, 
were it to be subjected to the standard fire 
test method for the required fire rating. It is 
important to understand that although it is 
the joint between the slab edge and curtain 
wall that is evaluated during testing, the 
surrounding construction components and 
insulation of the system is also important in 
ensuring acceptable joint performance. 


e) be limited only to the specific conditions 
and configurations upon which the 
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engineering judgment was rendered and 
shall be based upon reasonable 
performance expectations for _ the 
recommended firestop system under those 
conditions. 


be accepted only for a single specific job 
and location and shall not be transferred to 
any other job or location without a 
thorough review of all aspects of the next 
job or location’s circumstances. 


perimeter fire barrier system 


engineering judgments shall: 


a) 


b) 


c) 


d) 


be presented in an appropriately descriptive 
written form with or without detail 
drawings as may be deemed necessary. 


clearly indicate that the recommended 
system is an engineering judgment and not 
a listed system. 


include clear directions for the installation 
of the recommended firestop system. 


identify the job name, location, and firm 
the EJ is issued for, along with the 
non-standard conditions and hourly rating 
required. 


provide complete descriptions of critical 
elements for the system configuration. 
These shall include, but not limited to the 
following: 

1) Basic, common factors 

i) Type(s) of assembly used for 
example glass, aluminium, 
granite, concrete spandrel, etc. 

ii) Hourly rating required. 

2) Perimeter fire barrier system 

i) Closest certified system upon 
which the EJ is based. 

ii) Joint width. 

iii) Static or dynamic. 

iv) Insulation type(s), thickness, and 
compression, etc. 

v) Five basic principles, namely, 
mechanical attachment of the 
spandrel insulation; protection of 
the mullions; compression fitting 
and orientation of the safing 
insulation; installation of a 
reinforcement member(s), 
stiffener, at the safe-off area 
behind the spandrel insulation; 
and firestop coating, type, 
thickness. 
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